The reaction of 2-(2H-tetrazol-5-yl)pyridine (L1) with 1,n-dibromoalkane (n = 3, 4, 6 or 8) results in the formation of the isomers 2-(n′′-bromoalkyl-(1-tetrazol-5-yl)pyridine (L2A-D) and 2-(n′′-bromoalkyl-(2-tetrazol-5-yl)pyridine (L3A-D). The reaction of L1 with 1bromoalkanes also resulted in the formation of isomeric materials, namely 2-(n′′-alkyl-(1tetrazol-5-yl)pyridine (L4A-C) and 2-(n′′-alkyl-(2-tetrazol-5-yl)pyridine (L5A-C).
Introduction
The development of "click" chemistry, as described by Sharpless and co-workers [1] [2] , has resulted in a recent increase in the synthesis of functional compounds containing polyazole rings, particularly triazoles, tetrazoles and their derivatives [3] [4] [5] [6] [7] . Tetrazoles have been recognised as bioisosteres for carboxylic acids and as a result have found widespread applications in medicinal chemistry [3] . Tetrazoles and its derivatives have also been studied as ligands in coordination chemistry, exhibiting several coordination modes [8] . Our interest in tetrazoles concerns their use in molecular recognition. We have previously reported the synthesis of various bis-and tetra-tetrazole molecules [9] . To expand this area, we are currently investigating the use of tetrazole-containing compounds as potential metal-based therapeutic agents, especially as anti-cancer or anti-fungicidal agents. Recently, we have described the synthesis of some pyridyl-tetrazole compounds containing bromohexyl pendant arms and examined their coordination chemistry with Fe(II), Co(II) and Cu(II) salts, a range of metal cations which the human body can tolerate [10] . As part of our current investigations into the coordination chemistry of pyridyl-tetrazole derivatives, we have altered the pendant arm extending from the tetrazole ring to include other alkyl bromide chains as well as alkyl chain on their own (see Scheme 1) . In this paper, we describe the synthesis of pyridyltetrazole compounds containing other bromoalkyl and alkyl pendant arms and examine the coordination chemistry of these tetrazole derivatives with the transition-metal salts CuCl 2 .2H 2 O, Co(NCS) 2 , NiCl 2 .2H 2 O and ZnCl 2 and also the crystal structures of two cobalt(II) complexes.
Results and Discussion

Ligand synthesis
The reaction of 2-(2H-tetrazol-5-yl)pyridine (L1) with either the appropriate 1,ndibromoalkanes (n = 3, 4, 6 or 8) or bromoalkane in acetonitrile with potassium carbonate as base resulted in the formation of either 2-(n''-bromoalkyl- (1-tetrazol-5-yl) pyridine (L2A-D) and 2-(n''-bromoalkyl- (2-tetrazol-5-yl) pyridine (L3A-D) or 2-(alkyl-(1-tetrazol-5-yl)pyridine (L4A-C) and 2-(alkyl-(2-tetrazol-5-yl)pyridine (L5A-C), arising from alkylation at either the 1-N or 2-N positions, in a manner similar to that described in the literature [10] , as shown in Scheme 1. Column chromatography was used to separate the isomeric products. In all cases, the loss of the CH 2 Br signal in the 1 H NMR spectra of the products and the appearance of a triplet at ~5.00 ppm for the 1-N compounds or ~4.80 ppm for the 2-N compounds was taken as evidence for the formation of the products. The isomers are readily distinguishable by their 13 C NMR spectra with the 13 C NMR chemical shift of the tetrazole carbon atom appearing at ca. 154.0 or 164.0 ppm in the 1,5-and 2,5-disubstituted tetrazoles, respectively [9f,11] . In these reactions, the 1-N isomers (L2A-D and L4A-C) gave a signal at ~151 ppm, while the 2-N isomers (L3A-D and L5A-C) gave a signal at ~164 ppm. Scheme 1 Reaction conditions: i) 1,n-dibromoalkane (n = 3, 4, 6 or 8) 
Coordination Reactions
The transition-metal salts CuCl 2 .2H 2 O, Co(NCS) 2 , NiCl 2 .6H 2 O and ZnCl 2 were reacted with L2A-D, L3A-D, L4A-C and L5A-C, respectively, in methanol at reflux temperature under an inert atmosphere for two hours. The reactions with the cobalt salt were only carried out with the L4 and L5 derivatives. The chloride salts of copper, nickel and zinc were used since the structures of the L2C and L3C ligands with copper chloride has previously shown the formation of halide bridging [14] and it was felt that similar structures would be observed with these metal chloride salts. All reactions were carried out using a 1:1 metal to ligand stoichiometry. The resulting solutions were allowed to stand for several days, after which time the solid products were filtered. All the copper and nickel complexes of the L2 and L3 ligands were green in colour, while the zinc complexes were either pale orange or cream, which was the colour of the starting ligand. The copper and nickel reactions with the L4 and L5 derivatives also resulted in green solids being formed, while the cobalt complexes yielded green solids in the cases of the 1-N derivatives and rust coloured solids in the cases of the 2-N derivatives. The zinc complexes were either yellow or brown in colour, which was the colour of the starting tetrazole derivative. Elemental analyses on all of the copper, nickel and zinc products obtained showed that all the complexes have a 1:1 metal:ligand composition. Based on the X-ray structures of [Cu(L2C)Cl 2 ] 2 and [Cu(L3C)Cl 2 ] 2 previously reported [10] which contained a 1:1 metal:ligand composition and also a dichloro-bridged dimeric {Cu(II)(μ-Cl)Cl} 2 unit, it is proposed that all the metal chloride complexes synthesised herein will have a similar structure, as shown in Figure 1 . The cobalt complexes of the L4 and L5 derivatives were shown to have a 1:2 metal to ligand composition. We have previously reported the X-ray structures of the cobalt(II) isothiocyanate complexes of 2-(6''-bromohexyl-(1-tetrazol-5-yl)pyridine (L2C) and 2-(6''bromohexyl-(2-tetrazol-5-yl)pyridine (L3C) [10] , both of which contained a 1:2 metal to ligand composition. We were able to grow crystals of both Co(5A) 2 (NCS) 2 and Co(5C) 2 (NCS) 2 from methanol, which were suitable for X-ray structural studies, and so can compare these structures.
Magnetic measurements
All of the copper complexes have a magnetic moment in the range of 2.1-2.4 B.M., which is indicative of the presence of copper(II) in the complexes. The magnetic moments for the nickel complexes are between 2.9 and 4.1 B.M. These values are high for either four coordinate tetrahedral geometry or five coordinate trigonal bipyramidal geometry at the nickel centre. The magnetic measurements of the cobalt(II) complexes indicated the presence of high-spin cobalt(II) ions. Previously reported magnetic moments for complexes containing pyridyl-tetrazole ligands have been high in value and high-spin in nature [10, 12] .
H NMR spectra
The 1 H NMR spectra of the zinc chloride complexes of the ligands L2A-D and L3A-D were all obtained in CDCl 3 . Table 1 shows the 1 H NMR spectral data for the four pyridyl-tetrazole ligands with the alkyl bromides attached at the 1-N position (L2A-D) and the four corresponding zinc chloride complexes while Table 2 contains the 1 H NMR spectral data for the four pyridyl-tetrazole ligands with the alkyl bromides attached at the 2-N position (L3A-D) and the four corresponding zinc chloride complexes. From the data in Tables 1 and 2 , it is evident that stronger binding of the zinc chloride occurs with the series of ligands L3A-D, which contain the alkyl bromide at the 2-N position, as seen from the larger differences in chemical shift for both the pyridyl proton signals and the signal for the methylene group attached to the tetrazole ring. The spectra of the zinc complexes from the L2A-D series of ligands shows only slight variation in signal position compared to the starting ligands. It is not obvious why the position of the pendant arm on the tetrazole ring (1-N or 2-N) should have such a bearing on the signals in the 1 H NMR spectra of the zinc chloride complexes, especially since the metal ion is believed to coordinate to the pyridine nitrogen atom and one tetrazole nitrogen atom to form a five-membered ring, as depicted in Figure 1 . In the crystal structure of [Cu(L2C)Cl 2 ] 2 , the two bromohexyl arms are above and below the central Cu 2 Cl 2 core and are also pointing away from the core, while in the crystal structure of [Cu(L3C)Cl 2 ] 2 both arms point in the same direction but again away from the central core [14] . Furthermore, if the pendant arm was in some way blocking the binding site, then it would be expected that the longer length arms would be more influential in this regard than the shorter length chains, but this does not appear to be the case. Further studies, including computational studies, are currently being undertaken in order to try to elucidate the reason for the regiochemical differences in binding strengths. The 1 H NMR spectra of the zinc chloride complexes of the ligands L4A-C and L5A-C were also obtained in CDCl 3 . The spectral data was in agreement with the proposed binding of the zinc ion to the pyridyl nitrogen atom and one of the tetrazole nitrogen atoms, as can be seen from the shift in the signals associated with the pyridine ring and also the methylene group bonded to the tetrazole ring.
X-ray structures of Co(L5A) 2 (NCS) 2 and Co(L5C) 2 (NCS) 2
The molecular structures for Co(L5A) 2 (NCS) 2 and Co(L5C) 2 (NCS) 2 (with the cobalt atom residing on inversion centres) are depicted in Figures 2 and 3 , respectively. Crystallographic information is detailed in Table 3 . In both structures, the cobalt(II) atom has an octahedral coordination geometry with the pyridyl-tetrazole L5A and L5C ligands chelating in the equatorial plane and with the two isothiocyanate anions coordinating along the axial direction. Each pyridyl-tetrazole ligand binds to the cobalt(II) ion through one tetrazole nitrogen atom at the 1-N site and through the pyridyl nitrogen atom. As previously observed [10] , the pyridine rings are not coplanar with the tetrazole rings and so both complexes display a slightly puckered conformation. The planes between the pyridine and tetrazole rings form interplanar angles of 3.8 (5) and [Cu(L3C)Cl 2 ] 2 have been reported previously [10] .
Caution! Nitrogen-rich compounds such as tetrazole derivatives are used as components for explosive mixtures [13] . In our laboratory, the reactions described were run on a few gram scale, and no problems were encountered. However, great caution should be exercised when heating or handling compounds of this type.
General synthesis of 2-(n''-bromoalkyl-(1-tetrazol-5-yl)pyridine (L2) and 2-(n''-bromoalkyl-
To L1 (2.00 g, 13.6 mmol) dissolved in acetonitrile (60 mL) was added potassium carbonate (18.8 g, 136 mmol) . The resulting solution was heated at reflux temperature for 30 minutes and to the hot solution was added 1,n-dibromoalkane (48.0 mmol, n = 3, 4, 6 or 8) . The reaction mixture was then stirred at reflux temperature for a further 24 h. After cooling, the inorganic solids were removed by filtration and the solvent was removed under reduced pressure to afford an oil, which was purified by column chromatography on silica gel (initially at a ratio of petroleum ether:ethyl acetate 80:20, followed by the ratio of 60:40).
This gave the products L2A-D and L3A-D.
L2A: Dark brown solid (0.46 g, 13 %). m.p. 190-192 °C. C 9 H 10 N 5 Br: calcd. C 40.32, H 3.76, N 26.12; found C 39.99, H 3.88, N 25.89. IR (KBr): υ = 2980 , 2909 , 1624 , 1586 , 1502 , 1374 , 1301 , 1166 , 1140 5, 144.7, 137.5, 125.4, 124.5, 48.2 (CH 2 3.76, N 26.12; found C 39.98, H 3.71, N 25.88. IR (KBr): υ = 2980 , 2931 , 1623 , 1589 , 1533 , 1469 , 1357 , 1283 , 1119 , 1042 N 5 Br: calcd. C 42.57, H 4.29, N 24.82; found C 42.51, H 4.30, N 24.77. IR (KBr): υ = 2958 , 2865 , 1590 , 1530 , 1471 , 1403 , 1330 , 1277 , 1122 , 1092 CN 4 ) , 149. 5, 144.9, 137.5, 125.3, 124.6, 48.6 (CH 2 N 20.70; found C 49.72, H 5.85, N 20.37 . IR (KBr): υ = 2937, 2860, 1613, 1593, 1467, 1433, 1417, 1354, 1150, 1091, 1043, 991, 803, 747 20 N 5 Br: calcd. C 49.71, H 5.96, N 20.70; found C 49.60, H 5.48, N 19.67. IR (KBr): υ = 2931 , 1620 , 1593 , 1435 , 1416 , 1351 , 1149 , 1092 , 1042 3, 146.9, 137.1, 124.7, 122.3, 53.4 (CH 2 N), 33.8 (CH 2 Br), 32. 6, 29.2, 28.6, 28.4, 27.9, 26 General synthesis of 2-(alkyl-(1-tetrazol-5-yl) pyridine (L4) and 2-(alkyl-(2-tetrazol-5yl) 
pyridine (L5)
To L1 (2.00 g, 13.6 mmol) dissolved in acetonitrile (60 mL) was added potassium carbonate (18.8 g, 136 mmol) . The resulting solution was refluxed for 30 minutes and to the hot solution was added Br(CH 2 ) n CH 3 (48.0 mmol, n = 3, 5 or 7) . The reaction mixture was then stirred at reflux temperature for a further 24 h. After cooling, the inorganic solids were removed by filtration and the solvent was removed under reduced pressure to afford an oil, which was purified by column chromatography on silica gel (initially at a ratio of petroleum ether : ethyl acetate 80:20, followed by the ratio of 60:40). This gave the products L4A-C and L5A-C.
2-(1-butyl-1H-tetrazol-5-yl)pyridine (L4A):
Brown oil (0.85 g, 31 %). IR (neat): υ = 2961, 2934, 2874, 1591, 1571, 1532, 1471, 1433, 1409, 1380, 1287, 1121, 1085, 1037, 994, 798, 744 4, 145.1, 137.4, 125.2, 124.6, 49.4 (CH 2 N), 31.9, 19.5, 13 
General coordination reactions
The appropriate tetrazole ligand, L2A-D, L3A-D, L4A-C or L5A-C (0.20 g) was dissolved in methanol (30 mL) and was added to a solution of the appropriate metal chloride salt (one equivalent) in methanol (25 mL). The resulting strongly-coloured solution was then heated to reflux temperature for 2 h before being allowed to stand at room temperature for several days.
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